In this study three experiments were conducted, the 1 st (a laboratory experiment) included nine treatments (T1-T9) to study the effect of using biological treatments (fungal, bacterial, yeast or yeast combined with fungi or bacteria) on chemical composition and fiber constituents of sugar beet pulp (SBP) to choose the best biological treatments for testing in the 2 nd experiment (in vitro experiment). In the 2 nd experiment, seven rations containing the best five biologically treated SBP as well as control and untreated SPB rations were used to study the effect of the experimental rations on in vitro chemical composition and nutrients disappearance. These rations included R1 (control): concentrate feed mixture (CFM) + berseem hay (BH); T2: CFM + untreated SBP+ BH; T3: CFM + SBP treated with S. cerevisiae+ BH; T5: CFM + SBP treated with T. viride + BH; T5: CFM + SBP treated with T. viride + S. cerevisiae + BH; T6: CFM + SBP treated with C. cellulasea + BH, and T7: CFM + SBP treated with C. cellulasea + S. cerevisiae + BH. In the 3 rd experiment (digestibility experiment) was carried out to study the effect of feeding the same rations on digestibility coefficients, rumen fermentations parameters, microbial protein, protozoal count, number of total bacteria and cellulolytic bacteria and some blood parameters of adult rams. Results revealed that biological treatments increased (P<0.05) CP content and decreased CF, NDF, ADF, ADL content. Digestibility coefficients, concentrations of total volatile fatty acids (TVFA's), total nitrogen, true protein, microbial protein and microbial count increased (P<0.05), nitrogen and water balances improved (P<0.05) in biologically treated SBP as compared to control and untreated SBP rations. Keywords: Biological treatment, sugar beet pulp, in vivo and in vitro digestibility. 651 cell wall constituents, and in vitro nutrient disappearance of ration including treated or untreated SBP . Seven rations were prepared as follow: R1 (control): Concentrate feed mixture (CFM) + berseem hay (BH). R2: CFM + untreated SBP+ BH. R3: CFM + SBP treated with S. cerevisiae + BH. R4: CFM + SBP treated with T. viride + BH. R5: CFM + SBP treated with T. viride + S. cerevisiae + BH. R6 CFM + SBP treated with C. cellulasea + BH. R7: CFM + SBP treated with C. cellulasea + S. cerevisiae + BH. The ratio of CFM to SBP and BH was 30:30:40% in all treatments.
INTRODUCTION
The shortage of feeds in general attracted the attention of many research workers to use agro-industrial by-products Such as sugar beet pulp (SBP), which is the remaining residues after extraction of sugar beet tubers. This residue comprises 6% of the total fresh weight of harvested sugar beet (Kjaergaard, 1984) . A high proportion of SBP is dried and frequently beet molasses is added before drying. Also, it is available in the local market in a dry unmolassed cubes and it is usually used as an energy source feedstuff for ruminants.
In Egypt there is a developing tendency to increase the sugar production from beet since 1982. The annual amounts of SBP are about 385686 ton (SMA, 2011) .
Dried beet pulp is a carbohydrate rich by-product. The protein content of SBP is considered low compared with the requirements of most ruminants and monogastric animals (Israilides et al., 1994) . The crude fiber content of beet pulp is considerably high and the content of fast fermentable carbohydrates and ether extract are much lower than those of high energy grains (Haaksma, 1982) . The cellulose structure of SBP is mainly amorphous, which make it easily hydrolysable (Kjaergaard, 1984) and its pectin content is not covalently linked to a lignified matrix, which make it available source of readily fermentable carbohydrate to enhance the microbial biosynthesis in the rumen (Mansfield et al., 1994) .
The impact of feeding dried SBP on rumen fermentation was investigated by many studies (Mansfield et al., 1994; Chikunya et al., 1996; Molina et al., 2000) , however, the results did not show clear trend and they were contradictory. On the other hand, no available data on the effect of feeding beet pulp on rumen microbial population and microbial enzymatic activity.
The present work aims to evaluate different biological treatments of SBP in terms of laboratory chemical composition and cell wall constituents (1 st experiment), to study the effect of the best biological treatments on in vitro chemical composition and nutrient disappearance of rations containing SBP (2 nd experiment), and digestibility coefficients, nitrogen and water balances and ruminal and blood parameters of sheep (3 rd experiment).
MATERIALS AND METHODS
The field experiments were carried out at Maryout Research Station, Desert Research Center, located 35 km southwest of Alexandria, Egypt. 1 st experiment: "Laboratory study"
This study was designed to evaluate the effect of using various biological treatments (fungal, bacterial, yeast or yeast combined with fungi or bacteria) on chemical composition and fiber constituents of SBP to obtain the best biological treatments for in vitro and in vivo studies. The used biological treatments were obtained from the Microbial Genetic Department, National Research Center, Dokki, Cairo, Egypt. The microorganisms were maintained on agar medium composed of (g/l) yeast extract, 3.0; malt extract, 30; peptone, 5.0; sucrose 20 and agar 20. The biological treatments included SBP inoculated with Sacharomyces cerevisiae (T1), Trichoderma viride (T2), T. viride + S. cerevisiae (T3), Asarglusorsa (T4), Asarglusorsa + S. cerevisiae (T5), Cellulomonas cellulasea (T6), C. cellulasea + S. cerevisiae (T7), Acetobacter xylinum (T8) and A. xylinum + S. cerevisiae (T9).
An amount of 200 g of air-dried sugar beet pulp moistened to 60% and treated with the treatments was incubation for 14 days at 30 ±2 ºC for each treatment and the ratio between the combined microorganisms was 1:1 with a final moisture content of 60%. Moisture was kept at 60% and at the end of the inoculation period, samples were oven dried at 70 ºC. Product recovery rate (PRR) was calculated according to Nigam (1994) . 2 nd experiment:"In vitro study"
This experiment was designed according to the best biological treatment of SBP (fungal, bacterial, yeast or yeast combined with fungi or bacteria), based on their chemical compositions and fiber constituents (1 st experiment) to study the effect of these treatments on chemical composition, from total nitrogen content. Concentration of total volatile fatty acids (TVFA's) was determined according to Warner (1964) .
In addition, count of ruminal ciliate protozoa (Ogimoto and Imai, 1981) . Identification of genera and species was according to the description published by Dehority (1993) . Dilution series were prepared under O2 -free CO2 by the anaerobic method of Bryant (1972) using the anaerobic diluents described by Mann (1968) to determine count of total bacteria and cellulolytic bacteria.
At the end of digestibility trails, blood serum samples were collected pre-feeding and 4 h post-feeding to determine the concentration of total proteins, albumin, and urea as well as activity of AST and ALT using commercial kits. However, concentration of globulin was obtained by the difference between total protein and albumin. Statistical analysis:
Data was statistically analyzed according to statistical analysis system of SAS (2000) . Data of chemical composition, cell wall constituents analysis, nutrient disappearance, digestibility coefficients, nitrogen balance and water balance were analyzed by one-way analysis and the model was: Yij = M + Ti + eij The used model for rumen fermentation parameters and microbial count was two-way analysisas follows: Yij = µ + Ti + Ij + TIij + eij Where: Yij = experimental observation, µ = general mean, Ti = effect of treatment (i =1-7 rations), Ij = effect of sampling time (j=0, 3 and 6 h), TIij=effect of interaction between treatment or ration, and sampling time and eij = random error. Separation among means was carried out using Duncan's multiple test (Duncan, 1955) .
RESULTS AND DISCUSSION
1 st experiment: "Laboratory study" Chemical and cell wall constituents analyses of various treatments:
Data presented in Tables (1 and 2) indicated significant difference among treatments on chemical composition and cell wall constituents. Results presented in Table ( 1) showed that T3 had the highest (P<0.05) DM, OM, EE and CP contents, followed by T7, T1, T2 and T6, respectively. However, the highest (P<0.05) values of CF content was for T4 and T8, and the lowest (P<0.05) content was for T3, followed by T7 and T9.
Data of Table ( 2) showed that NDF, ADF, ADL, cellulose and hemicelluloses decreased (P<0.05) to the lowest values in T7 as compared to other treatments, followed by T9, while T4 showed the highest (P<0.05) values, followed by T8 and T5, respectively. The best (P<0.05) product recovery rate was for T3 (45.07%), followed by T7 (47.42%), while the lowest (P<0.05) rate was for T4 (61.37%), followed by T8 (60.11%). EE  CP  CF  NFE  T1  T2  T3  T4  T5  T6  T7  T8  T9 T1  T2  T3  T4  T5  T6  T7  T8  T9 Means with different litters with each column are significantly different (P<0.05).
Similar results were obtained by El-Ashry et al. (2002 and and Kholif et al. (2005) , who indicated that the fungal treatment led to increase CP and decreased CF and OM contents. Based on these results, six treatments beside control were used in the following in vitro and in vivo studies. 2 nd treatment: "In vitro study" Chemical composition and cell wall constituents:
Data presented in Table ( 3) revealed significant (P<0.05) effect of treatment on chemical composition and cell wall constituents. All biological treatments of SBP increased DM, OM, EE and CP contents as compared to untreated SBP; the highest (P<0.05) contents were in R5, followed by R7. It is important to show that all biological treatments that showed marked increase (P<0.05) in CP content and pronounced decrease (P<0.05) in CF, NDF, ADF, ADL, cellulose and hemicellulose contents as compared to ration containing untreated SBP (R2). Similar results were recorded by Israilides et al. (1994) , who found that CP content of beet pulp was increased from 9.96 to 19.50% by fungal treatments. Also, Abedo et al. (2005) found that fungal treatment with Trichoderm aressei increased the CP content of SBP from 9.94 to 19.37% and ether extract from 0.64 to 0.88%. While CF, ADF, ADL and cellulose contents increased and NDF and hemicellulose were decreased by fungal treatment. Nutrient disappearance: Data in Table ( 4) revealed a significant (P<0.05) differences in nutrient and cell wall constituents between different experimental rations. It is worthy noting that biological treatments of SBP increased (P<0.05) disappearance of DM, OM, EE, CP, CF, NFE, NDF, ADF, ADL, cellulose and hemicellulose as compared to untreated SBP and control. In this respect, R5 had the highest disappearance of DM, OM, EE, CP, NFE, NDF and cellulose, while R7 had the highest disappearance of CF, ADF, ADL and hemicellulose.
Results revealed also that combination of yeast with fungi or bacteria enhanced the disappearance of most nutrients as compared to each one alone. Similar results were obtained by El-Ashry et al. (2003) , who reported that biological treatment of poor quality roughages by T. viride, Pencillium funiculosium and S. cerevisiae increased DM and OM in vitro disappearance. Also, Colombatto et al. (2003) found that fibrolytic enzymes secreted by cellulolytic bacteria enhanced the fermentation of cellulose and xylan. Moreover, Gado and Abd El-Galil (2009) showed that cellulolytic bacteria strains isolated from sheep was more effective in increased the in vitro DM disappearance because these active strains were secreted cellulase enzymes most effective on roughage than other strains. 
rd experiment: "Digestibility study"
Chemical composition and cell wall constituents:
Data in Tables (5 & 6) indicated the same trend of chemical composition and cell wall constituents of the experimental rations as obtained in the 2 nd study. The control ration (R1) showed the highest (P<0.05) contents of DM, OM, EE and NFE as compared to untreated or treated SBP rations. However, contents of DM, EE and CP were higher (P<0.05) in all biological treated rations than in untreated SBP ration (R2). On the other hand, contents of OM, CF, NDF, ADF, ADL, cellulose and hemicellulose decreased (P<0.05) in treated SBP rations more than in untreated one. Generally, R5 and R7 had the highest content of CP and the lowest content of CF and its fraction. The increased CP content by biological treatments may be due to the increase in rumen microorganisms (protozoa and bacteria), which are consume CP of the diet to convert it into microbial protein. While, the observed decrease of CF content by progressed time of incubation may be due to the microbial digestion by cellulolytic bacteria which secreted cellulase enzymes to degrade crude fiber, or due to the utilization of CF by fungi for their growth since fungi among the microorganisms have been proved its capability in decomposing the agricultural by-products as several strains of fungi were used by many researchers for lignocellulosic hydrolyses such as Aspergillusniger, Funsarium moniliforme and Trichoderma viride.
The present results are in agreement with Allam et al. (2006) , who found that replacing 100% of corn grains in the CFM of lambs by SBP treated with Trichoderma viride and Sacharomyces cerevisiae decreased contents of OM, CF, hemicellulose, cellulose, lignin and pectin, while CP and true protein contents were increased as compared to control ration. Also, El-Badawi et al. (2007) reported that SBP treated with T. ressei decreased OM content and increased CP content. 
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Digestibility coefficients and nutritive values: Data in Table (7) showed that biological treatments decreased (P<0.05) feed intake compared to untreated and control rations, being the lowest (P<0.05) for R5, followed by R7, but the differences among R7, R6, R3, and R4 were not significant. Conflicted results were obtained by several authors. In this line, Kholif et al. (2005) and Aziz (2009) reported that biological treatment slightly increased DM intake, while, Rode et al. (1999) and Yang et al. (1999) reported that fungal or enzymatic treatments did not alter DM intake.
Regarding the results of digestibility trails (Table 7) , it seems that biological treatments, particularly in R5 and R7 significantly (P<0.05) increased digestibility coefficients of all nutrients and most cell wall constituents as compared to control and untreated rations. The improvement of DM digestibility in treated rations might be due to the better palatability of biologically treated SBP compared with untreated SBP and/or better utilization by the host animal. In this respect, Khampa et al. (2009) reported higher nutrient digestibilities as a result of yeast supplementation, which could be related to the microbial activities which solubilizing of carbohydrate esters of phenolic monomers in the cell wall. Also, Zadrazil (1984) mentioned that white rot fungi are able to increase the digestibility of plant residues without chemical and physical pretreatment through selective lignin degradation.
In addition, several authors observed an improvement in DM, CP and CF digestibility coefficients over a wide range of low quality roughages treated by biological treatments (Deraz and Ismail, 2001; Mahrous and Abou Ammou, 2005; Aziz 2009 ). Moreover, Allam et al. (2006) reported that SBP treated with Trichoderma viride and Sacharomyces cerevisiae increased DM, OM, CF and fiber fraction (NDF, ADF, cellulose and ADL) digestibilities, while CP and EE digestibility coefficients were not affected.
On the other hand, data of nutritive values (Table 7) showed significant (P<0.05) differences among treatments. Control ration (R1) showed the highest TDN (g/h/d, g/kg BW and g/kg BW 0.75 ), followed by untreated SBP ration (R2), but the differences among R2 and biologically treated SBP rations were not significant (P≤0.05). Only R5 and R7 showed the highest (P<0.05) TDN% of DM intake as compared to untreated ration (R2), but did not differ from R1.
Data in Table (7) showed that R7 significantly (P<0.05) increased nutritive values of DCP (g/h/d, g/h/BW and g/kg BW 0.75 ) as compared to control and untreated SBP rations. However, nutritive value in term of DCP% of DMI was significantly (P<0.05) the highest for R5, followed by R7. However, the differences in metabolic energy (ME/g TDN) among the experimental rations were not significant.
Based on the foregoing results, biological treatments of SBP increased nutritive values (TDN and DCP). These improvements are associated with the increased digestion in fibrous materials particularly hemicellulose in addition to the increased bacterial digestion of cell wall content (Hassan et al., 2005) . Also, these results reflected the values obtained for rations digestibility which were higher for treated rations compared with the untreated rations Similar results were obtained by Khorshed (2000) ; Hassan et al. (2005) ; Gado et al. (2006) and Aziz (2009) , who reported that the nutritive value as TDN and DCP were significantly higher (P<0.05) in biologically treated agriculture by-products. Nitrogen balance:
Data in Table ( 8) showed that biological treatments increased (P<0.05) nitrogen intake (NI) and digested nitrogen (DN) values (g/h/d) more than control and untreated SBP rations. The highest (P<0.05) NI and DN values (g/h/d) were recorded for R7, followed by R6 and R3 with insignificant differences. Although, the differences in NI and DN values as g/kg BW or g/kg BW 0.75 were not significant (P<0.05) among control and biologically treated rations, DN as a percentage of NI showed the same trend, whereas R5 had the highest (P<0.05) value (92.71%) of DN % of NI, followed by T7 (90.54%), while, the lowest one was for untreated SBP (72.51). Fecal and urinary nitrogen excretion (g/h/d, g/kg BW, g/kg BW 0.75 and % of NI) were the highest (P<0.05) for control, followed by untreated SBP ration. Therefore, they also had the highest total nitrogen excretion values as g/h/d, g/kg BW, g/ kg BW 0.75 , % of NI . While, R5 had the lowest value % of NI (27.38%). Biological treatments increased (P<0.05) nitrogen balance (g/h/d, g/kg BW, g/kg BW 0.75 ,% of NI and % of DN) more than control and untreated SBP, being the highest for R5 and R7.
It is clear that biological treatments of SBP increased nitrogen balance more than untreated USB and control rations containing 60% CFM and 40% BH. This improvement was attributed to less nitrogen excretion, the improvement in rumen fermentation especially ruminal ammonia, NPN, total nitrogen and true protein nitrogen. These results are in agreement with those obtained by Allam et al. (2006) , who reported that biologically treated SBP with Trichoderma viride and Sacharomyces cerevisiae had the highest value of nitrogen balance and NB/IN.
Water balance:
Data in Table (9) showed insignificant (P<0.05) differences in free drinking water and total water intake (ml/h/d or ml/Kg W 0.82 ), although R1 and R2 had the highest (P<0.05) values of combined and metabolic water (ml/h/d or ml/Kg W 0.82 ). Biological treatments decreased (P<0.05) urinary water, fecal water and total water execration (ml/h/d or ml/Kg W 0.82 ) more than R1 and R2. The lowest values were for R5, followed by R7. Water balance showed insignificant (P<0.05) differences among all treatments, although, biological treatments had slightly higher values. Both R5 followed by R7 had the highest water balance as a percentage of water intake, being 90.26and 89.00% of intake, respectively. Subhash et al. (1991) reported that the values of water intake (liters/day) were varied between (3.17 and 4.15) for diets which contained paddy straw and fungal treated paddy straw.
Rumen parameters:
Data in Table ( 10) showed that biological treatments decreased (P<0.01) ruminal pH values and increased (P<0.05) total volatile fatty acids (TVFA's) ruminal liquor (RL) as compared to control and untreated rations. In this way, R, R5 showed the lowest pH (6.37, P<0.05) and the highest TVFA's concentration as compared to control and untreated SBP rations.
These results indicated the negative relationship between pH value and TVFA's concentration for each ration. Fouad (1991) concluded that the rumen pH in general decreased with increasing the TVFA's concentration in lambs rumen.
Results of molar proportions of individual TFVA's (%) ( Table 10 ) showed that biological treatments significantly (P<0.05) increased molar percentage of acetic, propionic and butyric compared with control and untreated SBP rations. Also, R5 exhibited significantly (P<0.05) the highest values, followed by R7. While, untreated SBP showed the lowest values.
The overall means of TVFA's concentration and molar proportions of acetic, propionic and butyric at the different sampling times were higher (P<0.05) 3 h post-than per-feeding, then significantly (P<0.05) decreased 6 h post-feeding.
Acetic to propionic ratio showed significant decrease (P<0.01) in biological treatments as compared to untreated SBP and control rations, being the highest in R2, followed by R2, and nearly similar in all biological treatments. Overall mean of acetic/propionic ratio showed the same trend of TVFA's at different sampling times. The present data indicated an increase in propionate production and low acetic/propionic ratio which means an increase in propionate production. Such increase is favorable in animal growth since propionate plays a very important role as a major precursor of hepatic gluconeogensis.
Total nitrogen, true protein nitrogen, non-protein nitrogen, ammonia nitrogen and microbial protein concentrations:
Data in Table ( 11) showed that biological treatments significantly (P<0.05) increased (P<0.05) total nitrogen (TN), true protein (TP), nonprotein nitrogen (NPN), ammonia nitrogen (NH3-N) and microbial protein (MP) concentrations in RL as compared to control and untreated SBP rations. Rams fed R5 showed significantly (P<0.05) the highest values of TN, TP, NPN, NH3-N and MP concentrations, followed by R7, while the lowest one was for R2.
The overall means of all values showed an increase (P<0.01) 3 h postfeeding, then decreased (P<0.01) 6 h post-feeding. The increment in microbial protein by biological treatments is may be due to the improvement in microbial population. Microbial protein plays an important role as it analyzed by animal enzymes in the abomasum and small intestine to produce free amino acids which absorbed from the small intestine and used by the host animal (Aziz, 2009) .
The present results of rumen parameters are in agreement with those obtained by Khorshed (2000) ; Gado et al. (2006) ; Abo-Eid et al. (2007) and Aziz (2009) , who reported that biological treatment for by-products improved ruminal pH value, and concentration of TVFA's, NPN and NH3-N. They also found that ruminal parameters were at minimum before feeding and increased to maximum level at 3 and decreased 6 h after feeding. Moreover, Chikunya et al. (1996) concluded that the microbial protein production was improved on rations containing SBP.
Ruminal microorganisms:
Data in Table ( 12) represented the identification of ruminal ciliate protozoa species and their density in the rumen liquor and total bacteria and cellulolytic bacteria numbers during all different sampling times. Seven genera with 13 species and 7 sub-species of ruminal protozoa were identified in ruminal liquor of sheep in this study.
These generas ( Results clearly showed that biological treatments significantly increased (P<0.01) total and differential numbers of ruminal ciliate protozoa (x10 4 cell/ml rumen liquor) more than control and untreated SBP rations. It is clear that R5 had the highest (P<0.01) values of total protozoa count (Entodinum, Isotrchia, Dasytrachia and Epidinium spps.), followed by R7. Meanwhile, Polyolastron, Ophryoscolox and Diplodinum spps. counts were higher in R7 more than other treatments, followed by R5. Total protozoa count range was 6.22-7.25 x 10 4 cell/ml RL. It seems that the highest presence among all species was for Entodinum spps. as it ranged between 4.93-5.83 x10 4 cell/ml RL, followed by Dasytrachia and Polyolastron spps. Comparison among different sampling times indicated that protozoa count showed a decrease (P<0.01) at 3 h post-feeding then it showed the highest (P<0.01) numbers 6 h post feeding.
The values obtained in this study considered as normal level in rumen (Hungate, 1966) . The present results are in agreement with Ivan et al. (2000) , who found that Entodinium was the most detrimental of ciliate protozoa species. Also, Aziz (2009) found that biological treatment of poor quality roughage increased total and differential numbers of ruminal protozoa. While, Mohsen et al. (1999) found no effect of feeding rations containing 25 or 50% SBP on protozoal count in RL of sheep.
As for total bacteria (x10 8 cell/ml rumen) and cellulolytic bacteria (x10 6 cell /ml rumen) numbers, biological treatments increased (P<0.01) their numbers more than control and untreated SBP rations. It seems that SBP treated with Cellulomonas cellulasea (R6) and C. cellulasea + S. cerevisiae (R7) had the highest (P<0.01) number of bacteria and cellulolytic bacteria, as R7 came in the first class, followed by R6 and then R5 (T. viride + S. cerevisiae) came in the third class.
Blood parameters:
Results shown in Table ( 13) revealed that biological treatments significantly increased (P<0.01) concentration of total proteins and albumin values (g/dl) as compared to control and untreated SBP, being the highest in serum of rams fed R5, followed by R7 . Meanwhile the lowest values were found for those fed R2. On the other hand, globulin concentration decreased (P<0.05) in rams fed R5 and R7, and increased (P<0.05) in R3, R4 and R6 as compared to control and untreated SBP rations.
Such results were reflected in the highest (P<0.05) albumin/globulin ratio only for R5 and R7 as compared to other rations. In addition, biological treatments, in particular for R5 decreased (P<0.01) serum urea values mg/dl as compared to untreated SBP and control rations.
It is of interest to note that biological treatments of SBP only in R5 and R7 significantly (P<0.05) decreased activity of serum AST and ALT as compared to untreated SBP in R2.
As affected by sampling time all blood parameters 4 h post-feeding was higher (P<0.01) than pre-feeding values.
These results showed that biological treatments of SBP did not cause any lesions in liver and kidney functions.
Similar results were obtained with biological treatments by Kholif et al. (2001) and Aziz (2009) , who reported that biological treatment increased total proteins albumin and globulin concentrations, and decreased urea concentration, AST and ALT activities in blood serum.
CONCLUSION
It could be concluded that, inclusion of dried sugar beet pulp untreated or treated with biological treatments to replace a part of 30% of common concentrate feed mixture had remarkable improved influence on chemical composition and fiber fraction. Biological treatments decreased feed intake more than control and untreated sugar beet pulp groups which may be decreased feed costs, in the same time increased all nutrients digestibility coefficients. Also, improved nitrogen balance, increased ruminal TVFA's, total nitrogen, true protein and microbial protein, all these improvements will enhance animal performance. 
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